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The  Absorption  and  Fluorescent  f^pectra 
of 
5=;odiuiTi  Vapour. 


I.   Introduction. 

According  to  the  investigations  of  Eder  and  "^^alenta,  ^<ay- 
ser  and  Rung*,  Evershed,  Liveing  and  Oewar,  Roscoe  and  Schus- 
ter, Wiedemann  and  Schmidt,  and  the  recent  work  of  Percival 
Lewis  there  appear  to  be  about  seven  different  spectra  of 
sodiiun;  -  the  spark,  the  arc,  spectrum  in  discharge  tubes, 
kathode-luminescent,  thermometric,  fluorescent,  and  absorption 
spectr-im.   It  is  quite  probable,  however,  that  a  careful 
comparison  of  these  apparently  different  spectra  of  sodiiAn 
will  result  in  reducing  the  number,  but  as  yet  such  a  study 
of  the  relation  between  them  has  not  been  nade. 

The  present  paper  has  for  its  purpose:  First,  the  study 
of  the  absorption  spectrum  of  sodium  vapour  under  different 
conditions  of  density  and  length  of  absorbing  column,  and 
the  measurement  of  the  wave  lengths  of  the  principal  ab- 
sorption lines.   Second,  the  study  of  the  fluorescent  spec- 
tr'jm  of  this  vapour;  the  light  which  produces  this  fluores- 
cence, and  the  measurement  of  the  wave  lengths  of  the  prin- 
cipal lines.   Third,  a  comparison  of  the  absorption  and  flu- 
orescent spectra  in  order  to  determine  the  relation  between 
them,  if  there  be  any. 
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II.  Absorption  fipectnim. 
(a)  Historical. 

It  appears  that  the  absorption  specti^m  of  sodium  va- 
pour  was  first  studied  by  Roscoe  and  Schuster   in  1874.   In 
their  work,  the  sodium  was  heated  in  an  atmosphere  of  hydro- 
gen, and  confined  in  iron  tubes.   As  a  source  of  li^ht  a 
lime  light  was  used,  and  the  spectrum  observed  with  a  Stein- 
heil  spectroscope  the  resolving  power  of  which  was  Just  suf- 
ficient to  separate  the  T)  lines.   They  speak  of  the  ab- 
sorption spectrum  as  consisting  of  three  groups  of  bands  ^,P,^, 
which  appear  as  the  density  of  the  vapour  is  increased,  in 
the  order  c«,  ^  »  , -?  •  '^'^^V   ^ave  also  given  a  few  measure- 
ments of  the  more  refrangible  edges  of  these  bands,  which 
can  only  be  regarded  as  roughly  indicating  their  relative 
position;  but  a  detailed  study  of  the  str-acture  of  these 
bands  was  not  attempted.   This  spectrin  seems  also  to  have 
been  noted  by  Lockyer   in  his  work  on  the  absorption  of 
metallic  vapours  but  he  has  not  given  any  description  of  the 
phenomena,  or  measurenents  of  wave  lengths.   In  1878  the  ab- 
sorption spectrum  of  sodium  vapour  was  again  studied  by 
Liveing  and  Dewar    in  connection  with  their  investiga- 
tion "On  the  reversal  of  the  lines  of  metallic  vapours". 


,  Proc.  Foy.  Poc.  XXII,  p.  362,  1874. 
,.   Lockyer,  Proc.  Roy.  ?!oc.  XXII. 
,,,  Liveing  and  Dewar,  Proc.  Roy.  Hoc.  XDOai,  1878, 
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Their  metliod  consisted  in  observing  the  effect  of  the  ab- 
sorption produced  by  the  vapour  on  the  continuous  spectrum 
emitted  by  the  sides  and  end  of  the  tube  in  which  the  vola- 
tilization took  place.   The  tube  which  was  of  iron  coated 
with  borax,  was  inserted  in  a  vertical  position  in  a  fur- 
nace.  Hydrogen  was  introduced  in  the  upper  part  of  the  tube 
so  that  it  floated  upon  the  vapour  without  producing  con- 
vection currents  in  it,  a  frequent  source  of  trouble  in 
the  case  of  the  volatilization  of  sodium  in  an  atmosphere  of 
hydrogen  in  horizontal  tubes.   They  have  described  the  gener- 
al phenomena  of  the  absorption  of  the  vapour  studied  in  this 
manner  without,  however,  any  careful  measurements  of  the 
absorption  lines.   In  a  later  investigation  Liveing  and 
Dewar  atterapted  a  quantitative  study  of  the  absorption  of 
sodium  vapour,  with  regard  to  thickness  of  layer,  density 
and  temperature  of  the  vapour.   They  employed  iron  bottles 
in  a  similar  manner  as  the  tubes  were  used  above.   It  was 
found,  however,  that  determinations  of  the  density  of  the 
vapour  mad4  in  iron  tubes  are  worthless  as  it  appears  that 
iron  takes  up  the  vapour  of  sodium.  Tubes  of  platinum  were 
then  used  but  even  then  they  were  unable  to  determine  their 


Liveing  and  Dewar,  Proc.  Roy.  ^oc.   XXIX,  18V9. 
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tenperat-ire  or  confine  the  vaponr  to  a  definite  length  of 
column  as  sodium  vapour  at  this  temperature  attacks  all 
known  transparent  substances. 

Recently  the  aosorption  spectr-im  of  sodium  has  been 
studied  by  Professor  R,  W.  Wood  in  connection  with  his  wor'r 
on  the  anomalous  dispersion  of  sodium  vapour.   Photograi>h8 
were  taken  with  a  Rowland  concave  grating  of  10  feet  focal 
length,  but  no  measurements  of  wave  length  were  made,  since 
he  hoped  to  obtain  better  photographs.   In  a  later  paper 
he  has  called  attention  to  the  fact  that  with  a  very  dense 
vapour  a  heavv  absorpt  Ion  line  appears  at  about  552.   Un- 
fortunately in  the  present  work  the  author  was  una" le  to 
keep  the  vapour  d  ense  enough  for  a  sufficient  interval  to 
photograph  this  line,  or  to  obtain  it  visually  with  the  con 
cave  grating  of  so  long  a  focal  length,  but  its  position 
was  verified  with  a  concave  grating  of  7  feet  focal  length. 
It  was  at  the  sug.-estion  of  Professor  Wood  that  the  author 
took  up  this  investigation,  and  all  the  work  both  on  the 
absorption  and  fluorescent  spectra  was  done  with  his  assist- 
ance and  under  his  personal  supervision. 


,  Proc.  Roy.  «?oc.  69,  p.  167,  1901-1902. 
..  Phil.  Mag.  March  1902,  p.  359. 
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Apparatus  and  Method. 

Visible  Sjpectrum;   In  the  present  investigation  the  general 
arrangement  of  the  apparatus  for  a  study  of  the  absorption 
spectnu!:  is  as  shown  in  the  figure,  where  A  is  the  source 

of  light,  B  a  double  convex  lens 
c   J   (quartz  or  glass)  of  long  focus, 
•  SO  placed  that  the  source  A  and 

the  slit  F  of  the  spectrograph 
were  conjugate  foci,  the  distance  A  P  being  about  54  cm. 
and  the  distance  P  F  about  90  cm.   C  is  the  tube  in  which 
the  sodium  was  vaporized. 

The  spectrograph  used  was  a  Rowland  concave  grating  of 
13  feet  3  inches  focal  length,  having  a  ruled  surface  of 
6  inches  with  15000  lines  to  the  inch.   The  grating  was  fur- 
nished with  the  usual  Rowland  mounting  and  provided  with  a 
camera  and  shutter  of  the  usual  form.   The  plates  used  were 
"Seed's  gilt  edge  No.  27",  Seed's  Orthochromatic",  and  "Cra- 
mer's Isochromatic",  specially  mounted  on  lantern  slide  glass 
and  cut  in  the  proper  size  11  1/2  x  1  l/4  inches.  An  at- 
tempt was  also  made  to  use  Hadett  Spectrum  plates.  Seed  plates 

Benzo 
No.  27,  stained  with  Nitrol  Brown  according  to  the  method  of 

Ives;  and  also  Seed  plates  sensitized  by  the  stain  furnished 
by  the  Seed  Co.  for  i)hotographing  the  absorption  lines  in 
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the  red  but  all  efforts  of  this  nature  failed. 

As  a  source  of  light  it  is  desirable  to  use  one  giving 
a  spectr'nn  which  is  as  nearly  continuous  as  possible.   The 
hot  pole  of  a  vertical  carbon  arc  was  first  used,  likewise 
of  a  right  angled  carbon  arc.   Much  trouble  is  experienced 
in  the  use  of  either  of  these  forms  of  the  carbon  arc  due  to 
the  difficulty  of  keeping  onljr  the  image  of  the  glowing  pole 
on  the  slit  without  at  the  same  time  getting  some  of  the 
flame,  and  even  under  the  best  conditions  the  spectrum  of 
the  hot  pole  contains  a  few  strong  lines  which  are  sufficient 

to  complicate  the  results  obtained  in  absorption  photo- 
graphs unless  great  care  is  taken.  A  forn  of  light  known 
as  "sun  light",  which  consists  of  two  carbon  poles  aounted 
in  a  block  of  marble  In  such  a  way  that  the  arc  is  formed 
across  the  face  of  the  marble, was  next  tried.   This  gives 
an  extremely  intense  source  and  a  fairly  continuous  spectrum 
but  here  we  are  troubled  with  the  calcium  channels  in  the 
green  which  occur  in  the  same  region  as  the  green  absorption 
channels  of  sodium,  so  that  this  form  of  a  source  had  to  be 
abandoned.  A  Nernst  filai'.ent  run  by  a  110  volt  alternating 
current  was  found  to  be  very  satisfactory  for  this  work  as 
it  gives  a  perfectly  continuous  spectrum.   The  only  disad- 
vantages in  its  use  were  that  it  required  a  longer  exposure 
for  the  photographs  and  gives  no  ultra-violet  radiation  be- 
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yond  S'^OO  neither  of  ntiich  are  serious  faults.   It  was  there- 
fore used  as  the  source  of  light  for  all  work  in  the  visible 
spectrum  or  at  least  a  complete  set  of  plates  was  made  with 
it  and  all  plates  taken  with  the  carbon  arc  referred  to  these 
in  order  to  separate  the  arc  from  the  absorption  lines. 
As  a  comparison  spectrum  that  of  the  iron  arc  was  used. 

The  sodium  used  in  the  experiments  was  ordinary  metallic 
sodium,  which  was  found  to  be  fairly  free  from  impurities. 
Nearly  all  comiercial  sodium  contains  slight  traces  of  po- 
tassium but  with  a  few  exceptions  the  samples  here  tested 
were  found  to  be  very  nearly  free  of  traces  of  this  netal. 
In  one  or  two  saiaples,  however,  a  reversal  of  the  strong 
potassium  lines  4047.36  and  4044.29  appear  in  the  photo- 
graphs.  Samples  used  later  in  the  experiments,  however, 
failed  to  show  reversals  of  any  of  the  potassium  lines. 
Care  was  always  taken  to  renove  all  the  oxidized  surface  of 
the  metal,  and  the  hydrocarbon  soiution  in  which  the  metal 
was  kept.  About  .5  to  1  gram  of  the  metal  was  used  in  each 
experiment. 

The  tubes  in  which  the  sodium  was  vaporized  were  of 
sheet  iron  and  steel,  although  some  experiments  were  made  us- 
ing glass  tubes.   The  glass  tubes,  however,  soon  go  to  pieces 
un'ler  the  action  of  the  heated  vapour  so  that  it  was  found 
better  to  use  the  iron  tube  whenever  possible.   The  tubes 
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which  were  found  to  be  the  raost  satiafactory  were  those 
made  of  iThelby  seamless  tubing,  in  diaineter  3/4  inches  and 
1  3/8  inches  and  guage  16  and  20.   The  tubes  were  from  16 
inches  to  two  feet  in  length.   The  ends  of  the  tubes  were 
closed  with  plate  glass  or  a  good  qiiality  of  thin  glass 
sealed  on  with  sealing  wax.   Small  side  tubes  were  brazed  in 
the  large  tubes  for  introducing  hydrogen  or  for  exhausting. 

In  the  first  series  of  experiments  the  sodiun  was  va- 
porized in  an  atmosphere  of  hydrogen,  in  order  to  prevent 
any  oxidation  of  the  metal.   The  slightest  trace  of  oxygen 
in  the  tube  is  sufficient  to  produce  a  dense  smoke  of  sodium 
oxide  which  attacks  the  glass  ends  of  the  tube  and  makes  them 
opaque.   The  hydrogen  was  prepared  by  electrolysis  using  a 
cell  with  cylindrical  lead  electrodes  in  a  25^^  solution  of 


H  S  0. 


Such  a  cell  was  found  to  give  both  a  good  current 


of  the  gas  and  sufficiently  pure  for  most  purposes.   This  ras 

was  dried  by  passing  in  order 
through  a  H^S  0^  bottle  A,  cal- 
cium chloride  tube  B,  and  a  tube 
r   /=  r.   containing  P,  0,-and  glass  wool. 
In  order  to  remove  all  traces  of 
oxygen  the  hydrogen  was  also 


o 


passed  through  the  tube  T)   containing  copper  rauze  which  was 
heated  until  it  was  a  bright  red.   A  Kipp  generator  was  also 
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used  in  .some  of  the  later  experiments  in  which  hydrogen  was 
used  and  the  gas  from  It  when  passed  through  the  above  sys- 
tem of  drying  tubes  was  found  to  be  very  good  for  the  pur- 
pose desired.   In  the  later  series  of  experiments  in  which 
the  sodium  was  vapo  rized  in  a  vacuum,  the  tubes  were  ex- 
hausted with  a  Toepler  pump  to  a  pressure  of  from  1  to  5  ram. 
which  was  found  sufficient  to  eliminate  the  formation  of  so- 
dii«n  oxide  in  the  tu"bes. 

Two  methods  of  heating  the  tubes  were  e  ployed.   One  in 
which  a  Bunsen  burner  was  played  uix)n  the  tube  directly  under 
the  lump  of  sodium.   The  other  in  which  the  tube  was  wound 
with  a  coil  of  No.  20  iron  wire,  insulated  from  the  tube  by 
asbestos,  and  the  whole  packed  in  asbestos  in  a  tight  iron 
box.   The  later  method  is  preferable  for  some  reasons;  namely, 
the  temperature  of  the  vapour  can  be  kept  nearly  constant 
for  quite  a  long  interval  of  time,  and  the  density  of  the 
vapour  is  more  nearly  uniform  throughout  the  cross  section 
of  the  tube.   A  Bunsen  burner  is  better  for  some  experiments, 
however,  where  a  dense  vapour  of  short  column  is  desired. 
With  it  the  sodium  does  not  distil  so  rapidly  to  all  parts 
of  the  tube  and  with  careful  regulation  of  the  flow  of  gas 
in  the  burner  it  was  used  very  successfully  in  many  of  the 
experiments. 

The  method  of  experimenting  consisted  simply  in  preparing 
a  tube  as  described  above,  vaporizing  the  sodium,  until  the 
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vapour  density  and  lencth  of  the  column  of  vapour  was  suffi- 
cient to  give  the  particular  part  of  the  spectrum  studied  and 
then  to  keep  this  condition  of  the  vapour  perfectly  constant 
throughout  an  exi)08ure.   In  order  to  do  this  the  spectriun 
of  the  higher  order  than  the  one  photographed  was  observed 
throughout  the  exposure  b3^  means  of  an  eyepiece  and  the  source 
of  heat  varied  so  as  to  maintain  the  conditions  perfectly 
constant.   The  length  of  exposure  ranged  from  twenty  to 
sixty  minutes  according  to  the  part  of  spectrum,  the  plates, 
and  the  degree  of  absorption  used.   To  keep  the  conditions 
constant  through  such  an  interval  of  time  is  difficult  in- 
deed and  required  the  repetition  of  the  experiments  rnany 
tines  in  order  to  obtain  sharp  photograihs,  in  which  the 
conditions  remained  the  same  throughout  an  exposure. 

It  was  found  that  the  best  results  were  obtained  with 
the  absorption  spectrum  when  the  width  of  the  slit  was  0.065 
mm.   The  width  of  the  slit  for  the  iron  comparison  spec- 
trum was  0.030  mm.   In  order,  however,  to  eliminate  any  er- 
rors due  to  changing  the  width  of  slit  photographs  were  taken 
using  a  slit  of  0.030  mm.  for  both  the  absorption  and  iron 
spectrum,  and  the  measurements  of  the  two  sets  of  plates 
were  compared.   The  plates  were  measured  on  the  dividing 
engine,  provided  with  a  diamond  shaped  reticle,  the  method 
of  using  which  has  been  described  by  Humphreys  and  Mohler  . 
,  Humphreys" aTiT T!oEle r1  AstropRysTcaI~"7ournal~,~ 0 c1T~l8^~ pTl 6 '^ , 
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The  plates  were  taken  only  in  the  first  spectrum  and  an  ac- 
curacy  of  .05  of  an  Angstrom  unit  is  all  that  is  claimed  for 
the  wave-lengths. 

Ultra-violet  spectrum.      The  ultra  violet  absorption  spec- 
trum was  investigated  in  a  similar  manner  using,  however, 
glass  and  iron  tubes  closed  at  the  ends  with  quartz  plates. 
A  few  photographs  were  taken  with  the  grating  used  above,  with 
the  carbon  arc  as  a  source,  and  with  the  vapour  just  dense 
enough  to  reverse  the  D  lines.   The  length  of  the  exposure 
thus  required  was  found  to  be  too  great,  so  that  for  a  firther 
study  of  f-ie  ultra  violet  absorption  a  quartz  spectrograph 
was  eziiployed  usinjj;  as  a  source  of  light  either  a  cadraiiun 
spark  or  a  carbon  arc. 

The  Sjectr gn.    General  Description. 

''^en   a  lump  of  sodium  is  placed  in  the  tube  and  heated 
as  described  a'-^ove,  the  first  appearance  of  ansorption  lines  is 
at  the  D  lines  5896.16  and  5890.19  which  appear  as  two  ex- 
tremely fine  lines.  As  the  a^iount  of  vapour  in  the  t'.ibe  in- 
creases these  lines  broaden.   D^,  however,  is  stronger  and 
broader  and  broadens  nore  rabidly  than  D^  .   Tien  the  D  lines  are 
strongly  reversed  3303.07  and  3302.47  reverse,  also  2852. PI 
and  2680.46.   A  further  increase  of  the  vapour  until  the  i^oint 
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where  the  T)   lines  can  Just  be  separated,  'Causes  3S03.07  and 
3302.47  to  form  a  single  broad  line,  and  "brings  out  strong 
2852.91  and  2680.46,  also  causing  a  reversal  of  the  double 
lines  2593;  and  2543   and  2511.   These  lines  are  those  of 
the  principal  series  of  sodium  and  are  reversed  in  order 
5890,  5896,  3303,  2852,  2680,  2593,  2543,  2511,  as  the  den- 
sity of  the  vapour  is  increased  the  intensity  of  the  lines 
of  the  series  decreasing  also  in  the  saiie  order. 

v?hile  the  T)   lines  are  about  2  or  3  Angstrom  units  in 
width  a  series  of  absorption  bands  appear  in  the  blue  green, 
These  begin  as  nine  bands,  the  heads  of  which  point  toward 
the  violet  end  of  the  spectrum,  i.  e.  in  each  band  the  ab- 
sorption decreases  from  the  head  toward  the  longer  wave 
lengths.   The  heads  of  the  bands  as  they  first  appear  are: 

I.  4783.35 

II.  4809.92 

III.  4837.72 

IV.  4865.60 
V.      4894.94 

VI.  4932.97 

VII.  4962.96 
VIII. 5001. 94 
IX.   5040.71 
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There  is  also  evidence  of  a>")80rption  lines  In  the  first 
seven  hands  which  do  not  come  out  strong,  hov/ever,  but  appear 
as  slight  shading  in  the  >!right  back  ground.   In  band  I  can  be 
seen  the  strong  line  4793.10,  in  band  II  4820.72,  in  band 
IX  5053.50  and  in  band  VII  4979.28,  which  appear  as  fainter 
heads  of  small  bands  into  which  the  others  break  up.   Bands 
V  and  VI  are  about  the  center  of  the  absorption  region. 
(See  Pig.  I  Plate).  A  very  slight  increase  in  t^ie  anount 
of  vapour  in  the  tube  is  sufficient  to  bring  out  the  heads  of 
these  bands  very  strong  together  with  the  fainter  heads  in  the 
bands  themselves.   The  bands  are  now  seen  to  be  composed  of 
a  series  of  strong  lines  together  with  a  series  of  fine  lines 
and  in  some  of  the  bands  there  is  the  appearance  of  a  super- 
position of  the  two  series.   At  this  tine  the  region  of  ab- 
sorption extends  from  about  4600  to  5200,  a  series  of  3  bands 
the  nore  refrangible  edge  of  which  are  broken  up  into  smaller 
bands  appearing  from  5079-5200,  and  a  series  of  ten  or  twelve 
bands  each  of  which  is  divided  into  smaller  bands  and  contain- 
ing strong  lines  appearing  from  4780-4600.   This  whole  group 
of  lines  and  bands  from  4600-5200  will  be  called  for  con- 
venience group  A.   This  group  of  lines  appear  when  the  color 
of  the  teansmitted  light  is  a  yellow  green,  and  also  at  the 
time  when  the  fluorescence  of  the  vapour  first  appears. 
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These  lines  have  therefore  been  carefully  studied  in  order 

to  f^arnish  a  basis  for  the  work  on  fluorescence  of  the  vapour. 

At  this  stage  a  series  of  channeled  bands  extending  fron 
about  6004-6800  make  their  appearance,  the  absorption  in  the 
neighborhood  of  the  D  lines  i£  novi   a  hazy  band  about  40  or  50 
Angstrom  units  in  width,  with  a  series  of  lines  on  each  side 
of  it  from  5700-5860  and  from  5930-6004.   These  series  of 
lines  are  not  channeled  but  appear  as  strong  absorption  lines. 
^ith  a  further  increase  in  density  of  the  vapour  the  region 
between  4600  and  5300,  and  all  the  region  of  longer  wave- 
lengths than  5700  are  totally  absorbed,  and  a  series  of 
lines  come  out  between  5300  and  5700;  and  in  the  region  fron 
4600  to  4300  a  series  of  sraall  bands  appear  with  indications 
of  lines  up  as  far  as  3700.   The  effect  of  still  further  in- 
creasing the  density  of  the  vapour  was  never  successful  as  it 
required  a  length  of  exposure  so  long  that  the  conditions 
could  not  be  maintained  constant  during  this  time,  in  fact, 
it  was  found  difficult  to  maintain  the  condition  of  the  va- 
pour constant  for  a  time  sufficient  to  photograph  the  series 
5300-5700. 
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Variation  with  density  and  length  of  absorbing  column. 

We  have  used  the  expression  above,  "as  the  density  of 
the  vapour  was  increased".   Strictly  speaking,  however,  the 
length  of  the  absorbing  column  of  the  vapour  was  increased 
slightly  at  the  sane  time,  for  In  order  to  increase  the  den- 
sity of  the  vapour  the  txibe  was  raised  to  a  higher  tempera- 
ture immediately  surrounding  the  lump  of  sodium.   As  the  tem- 
perature of  the  vapour  was  increased  it  would  condense  at 
points  further  along  the  tube,  due  to  both  the  increase  in 
the  te!:iperature  of  the  vapeur  and  at  the  same  time  the  rise 
in  the  temperature  of  the  parts  of  the  tube  removed  some  dis- 
tance from  the  iiiddle  of  the  tube  due  to  the  conduction  of 
the  tube.   In  order,  therefore,  to  separate  the  phenomena 
due  to  variation  in  density,  and  variation  in  the  length 
of  the  absorbing  column,  the  author  has  devised  several 
methods,  all  of  which  failed  since  it  is  necessary'  to  confine 
the  vapour  with  some  transparent  substance,  and  sodium  va- 
pour at  the  temperature  here  used  attacks  all  transparent 
substances.   A  tube  of  the  form  shown  in  the  figure,  con- 
sisting of  a  steel  tube  1  s/s  inches  in 
^    J,L        diameter  and  2  1/2  feet  long,  inside  of 
which  slipped  two  sr;ialler  steel  tubes  A 
and  B  carrj'ing  caps  in  which  glass  plates 
were  placed,  was  first  used.   The  large  tube  was  closed  with 
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glass  plates  at  the  enci  anrl  exhausted  to  1  mm.    after  heint^ 
washed  thoroughly  with  dry  hydrogen.   The  tube  was  wound  with 
Iron  wire  and  heated  to  a  red  heat.   The  sodium  vapour  con- 
denses on  the  glass  plates  until  they  >ieconie  hot  and  then  the 
vapour  attacks  the  glass.   Crlass  bulbs  of  different  kinds 
of  glass  were  next  used.   These  bulbs  were  dried  and  a  sriall 
piece  of  sodium  placed  in  them.   The  sodium  was  carefully  pre- 
pared by  volatilizing  it  in  a  vacuum,  and  condensing  all  hydro 
carbon  vapours  in  another  part  of  the  tube.   The  bulbs  were 
exhausted  to  1  ram,  and  heated  with  iron  coils  in  a  constant 
teraperatire  air  bath.   By  using  bulbs   in  this  way  it  would  be 
possible  not  only  to  keep  a  constant  and  known  length  of  the 
column  of  vapour  at  a  uniform  density,  but  also  to  deter- 
mine the  density  of  the  vapour  according  to  a  method  used 

at 
by  Jewett.   Unfortunately  it  the  temperature  which  the  vapour 

is  dense  enough  to  bring  out  the  channel  spectrvan,  the  so- 
dimn  vapour  violently  attacks  the  glass  making  it  opaque, 
so  that  all  quantitative  measurements  of  density  and  length 
of  vapour  column  had  to  be  abandoned.   In  order  to  see  if 
an  increase  In  the  length  of  the  iibsorbing  column  of  the 
vapour  would  produce  the  same  effect  as  an  increase  in  the 
density  of  the  vapour  a  steel  tube  five  feet  in  length  was 
used.   In  this  were  placed  eight  lumps  of  sodium  of  exactly 

,  Jewett  -  Phil.  ?tag.  Nov.  p.  546,  1902. 
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the  same  size  (about  3  gratis  each)  at  intervals  of  about 
30  cms.   TTnfier  each  lump  was  placed  a  T^unsen  Burner,  the 
burners  being  regulated  to  give  the  same  flame,  and  Just 
sufficient  so  that  when  one  was  placed  under  the  first  p^.ece 
of  sodium  the  vapour  was  dense  enough  to  reverse  the  T)   lines 
as  two  strong  lines.   The  other  burners  were  then  placed 
under  the  tube  in  succession,  and  the  same  phenomena  as  to 
broadening  of  the  D  lines  and  appearance  of  channel  spectrum 
took  place  Just  the  same  as  when  the  density  of  the  vapour 
(vas  increased.   It  would  be  Interesting  to  know  if  the  effect 
of  increasing  the  length  of  the  absorbing  column  is  the 
same  as  increasing  the  density  in  the  sense  of  whether  doub- 
ling one  is  the  same  as  doubling  the  other.   This,  of  course, 
cannot  be  determined  since  here  again  we  are  required  to  find 
the  column  of  vapour  by  means  of  a  transparent  spectrum  which 
cannot  be  done. 

III.  yiuoreacent  Spectrum. 
Historical:- 

That  sodium  vapour  when  Illuminated  by  white  light  be- 
comes luminous  or  fluoresces  was  first  observed  by  7/iedemann 

•  •  • 

and  Schmidt  and  later  studied  and  described  by  them 

,  ^7iedemann  and  Schmidt.  Belbl.  20,  p.  693,  1896. 
,.  77ied.  Ann.  57,  447,  1896. 

Astrophys.  Journ.  3,  207,  1896. 
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The  method  eraployed  was  to  volatilize  the  metal  in  glass 
bulos  previously  exhausted,  illuminate  the  vapour  with  sun 
light  and  observe  the  fluorescence  with  a  spectroscope,  at  an 
angle  with  the  direction  in  which  the  sunlight  was  focused 
upon  the  vapour.   They  repeated  their  observations  later 
using  a  spectroscope  of  greater  dispersion.   In  this  work 
they  conclude  that  the  fluorescent  spectrum  of  sodium  va- 
pour consists  of  three  parts; (1)   a  bright  line  in  the  yellow 
coinciding  with  the  D  lines;  (2)  a  band  (not  channeled)  in 
the  red  from  676  to  602.5   ;  (3)  a  series  of  bands  in  the 
green  between  527.6  -  490.5   .   twelve  of  which  they  have 
measured.   Owing,  however,  to  the  comparatively  low  dis- 
persion which  they  were  able  to  use,  these  measurements  can 
only  be  re/^arded  as  indicating  roughly  the  position  of  the 
bands  to  within  about  10  Angstrom  units.   The  fluorescence 
of  the  vapour  obtained  in  glass  bulbs  is  quite  faint  and 
much  difficulty  is  experienced  in  using  this  method.   In 
as  much  as  the  fluorescence  of  vapours  is  of  much  theoretical 
interest,  and  as  i^/iederaann  and  Schmidt  have  pointed  out  may 
also  play  some  part  in  the  explanation  of  the  spectra  of  the 
corona,  certain  forms  of  prominences, etc. ,  it  seemed  desir- 
able to  obtain  nore  definite  results  on  the  fluorescence  of 


,  Verh.  der  phys.  Gesellsch.  zu  Berlin,  16,  p.  37-40,  1897, 
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sodiiun  vapour,  both  as  to  the  color  of  the  li^ht  producinc 
this  f luor'escence  and  the  wave  lengths  of  the  bands  and 
lines  in  the  spectrum. 

The  fluorescence  of  sodium  vapour  has  also  been  observed 
by  Professor  "'ood.   His  observations  are  similar  to  those  of 
Wiedemann  and  Schmidt.   He  obtained  in  his  experiments  the 
bright  i^ellow  band  at  the  D  lines,  the  red  and  green  fluores- 
cent bands  with  the  channels  in  the  green,  but  no  raeasurementj 
of  wave  length  were  made. 

Apparatus;    In  order  to  do  this  a  tube  was  designed  ac- 
cording to  the  suggestions  of  Professor  V/ood  which  was 
found  to  be  all  that  could  be  desired  as  the  fluorescence 
obtarined  in  this  way  was  very  intense  compared  with  that  ob- 
tained in  glass  bulbs  or  other  forms  of  tubes.   The  tube 

used  was  of  the  form  shown  in 
the  figure.   The  large  tube 
was  3  inch  16  guage,   ?!helby 
seamless  tubing  2  feet  in  length. 
At  "R  a  tube  3/4  inch  in  diame- 
ter and  a'nout  10  inches  in 
length  was  brazed  in  the  large  tube  at  right  angles  to  its 
length.   A  is  an  iron  crucible  3/4  inches  in  diameter  and 


,   Proc.  Roy.  Soc.  69,  p.  157,  1901-1902. 
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3  inches  in  length,  made  "by  "boring  out  an  iron  cylinder. 
This  crucible  was  brazed  in  the  large  tube  at  right  angles 
to  i  t  and  also  to  the  tube  B,  and  extending  up  into  the 
large  tube  Just  so  that  its  edge  can  be  seen  through  B. 
The  tube  A  was  then  filled  with  sodium,  the  ends  of  the  large 
tube  closed  with  plate  glass,  and  the  tube  B  with  lantern 
slide  glass,  and  then  exhausted  to  a  pressure  of  about  5  nm. 
Before  removing  from  the  pump  the  sodium  was  melted  in  order 
to  pump  off  the  hydrocarbon  vapours.   The  tube  was  then 
placed  with  A  vertical  and  B  horizontal  and  sunlight  fo- 
cused over  the  tube  A  at  a  point  directly  opposite  B.   A 
Bunsen  burner  or  blast  lamp  was  placed  under  A.   ^"hen  the 
vapour  above  A  becomes  dense  enough  for  the  channeled  spec- 
trum in  the  blue  green  to  appear  in  the  absorption  spectrum 
as  observed  directly  through  the  large  tube ,a beautiful  green 
band  of  light  in  the  focus  of  the  sunlight  is  seen  on  look- 
ing in  the  tube  B.  As  the  density  of  the  vapour  is  increased 
the  intensity  of  this  fluorescence  is  increased  the  color  of 
th«  light  being  a  deep  green.   The  intensity  of  the  fluores- 
cent light  obtained  in  this  way  was  from  fifteen  to  twenty- 
times  that  of  the  fluorescence  obtained  in  bulbs  or  other 
forr.TS  of  tubes.   The  reasons  of  this  are:  first,  with  glass 
bulbs  it  is  impossible  to  obtain  the  density  of  the  vapour 
whicli  can  be  used  in  this  method,  and  secondly,  with  other 
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foms  of  tubes  and  with  glass  bulbs  the  light  producing  the 
fluorescence  must  pass  through  a  column  of  vapour  which  ab- 
sorbs to  some  extent  the  wave  lengths  producing  the  fluor- 
escence while  with  the  form  of  tube  used  the  vapour  through 
which  the  light  passes  is  only  that  directly  over  the  tube  A 
and  in  Y*iich  the  fluorescenc*  is  observed. 

In  order  tc  study  the  fluorescent  spectrum  a  ^^telnhell 
spectroscope  of  two  prisms  the  resolving  power  of  which  was 
sufficient  to  separate  the  D  lines,  was  first  used.   Photo- 
graphs of  the  spectnun  were  obtained  with  this  instrument, 
but  all  of  them  were  unsatisfactory.  A  Rowland  concave 
grating  of  two  inches  n?.led  surface,  15000  lines  to  the  inch 
and  one  meter  focus  was  then  used.   This  grating  was  mounted 
in  a  box  in  a  fixed  position,  at  a  distance  of  i  meter  from 
the  slit,  and  the  plate  holder  placed  in  a  fixed  position  and 
cut  to  the  proper  curve  to  give  the  first  spectrum  in  focus 
on  the  plate.   The  spectrum  obtained  in  this  way  is  not 
strictly  normal  but  was  found  to  be  very  approximately  so. 
To  eliminate  any  error,  due  to  the  spectrum  not  being  normal, 
the  plate  was  calibrated  throughout  its  length.   The  plates 
used  were  Seeds  Orthochromatic  films.   These  were  measured  in 
the  sai'.e  manner  as  described  above  using,  however,  as  ref- 
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erence  lines  those  of  the  solar  spectrum  whicli  always  ap- 
peared in  the  blue  antl  violet  on  photographs  of  the  fluor- 
escence, due  to  reflection  from  snail  particles  of  sodium 
oxide  whicli  appeared  at  times  in  the  tube.   The  lengths  of 
exposure  for  the  fluorescent  spectr  m  were  from  one  to  two 
hours,  according  to  the  density  of  the  vapour,  and  the 
intensity  of  the  simlight.   No  photographs  were  obtained  of 
the  fluorescent  band  in  the  red,  but  several  photographs  of 
the  channels  in  the  green  and  blue  green  were  obtained,  (see 
Plate). 

The_ Spectrum. 

The  fluorescent  spectrum  of  sodium  vapour  when  observed 
with  a  Steinheil  spectroscope  corresponds  in  general  with 
the  description  of  Wiedemann  and  Schmidt.   First  a  band  in 
the  red  froi;;  about  670-600    .   V/hen  the  fluorescence  is 
very  intense  a  series  of  channels  could  be  seen  in  this  band 
but  they  were  too  faint  to  be  measured  and  were  only  seen  in 
a  vwry  few  experiments  when  the  conditions  for  ver:'  intense 
fluorescence  ivere  best.   This  band  is  described  by  Wiede- 
mann and  Schmidt  as  not  channeled  .   It  appears  that  these 
channels  only  come  out  when  the  vapour  is  very  dense. 
Second,  on  each  side  of  the  D  lines  there  is  a  narrow  faint 
band  Just  sufficient  to  show  the  D  lines  as  a  strong  dark 
line.   Wiedemann  and  Schmidt  obtained  on  the  other  liand  a 
brtght  line  in  the  yellow  coinciding  with  the  D  lines. 
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This  line  was  never  observed  by  the  author,  as  the  D  lines 
always  canie  out  as  a  dark  line  on  a  faint  back  ground. 
Third,  a  series  of  channeled  bands  extending  from  5340  to 
4600.   This  series  is  divided  into  three  groups: (1)  Those 
from  5340  -  5080  consisting  of  five  or  six  broad  hazy  bands, 
which  shade  off  equally  on  the  two  sides;  (2)  Those  from 
5080-4865  a  group  of  channeled  "bands  the  heads  of  which  point 
toward  the  red,  i.  e.   they  are  strongest  on  the  less   re- 
frangible side  and  shade  off  toward  the  shorter  wave  lengths. 
These  "bands  are  divided  into  secondary  bands  and  contain 
also  a  few  strong  lines;  (3)  those  from  4865-4600  which  ap- 
pear as  strong  lines,  but  under  greater  dispersion  they 
would  probably  be  found  to  be  small  bands.   There  is  also  a 
series  of  four  or  five  lines  or  small  bands  which  appear  in 
the  photographs  from  4600-4474,  but  on  comparing  with  the 
solar  spectrum  they  were  found  to  be  probaV.ly  nothing  but 
solar  lines.   Both  series  of  channeled  bands,  5080-4865  and 
4865-4600  will  be  shown  later  to  corres:'Ond  exactly  to  the 
bands  of  Group  A  in  the  alTSorption  spectrum. 

The  Light  producing  the  Fluorescency. 

In  order  to  determine  the  relation  existing  between  the 
incident  light  and  that  of  the  fluorescence  and  to  find  out 
what  region  of  the  spectrum  of  white  light  produces  this  in- 
tense fluorescence  of  sodium  vay.our,  the  vayour  was  illumin- 
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ated  with  nionochrornstic  light,  by  neans  of  the  usual  form 
of  a  two  prism  monochromatic  illuminator,  and  the  fluores- 
cence observed  as  "before  through  the  side  tub»  "B  described 
above.  The  light  from  such  an  illuminator  is  not  strictly 
monochromatic  but  gives  a  band  10  Angstrom  units  in  width. 
This  was  sufficiently  homogeneous,  however,  for  the  purpose 
here  desired. 
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As  shown  in  the  figure,  when  the  incident  light  is  of  shorter 
wave  length  than  452  /^  no  fluorescence  is  visible  in  the 
tube.  At  453  /«.  a  faint  blue  fluorescence  is  seen  and  as  the 
wave  length  of  the  illuminating  light  is  increased,  the  color 
of  the  fluorescence  changes  from  blue  to  bluish  green  at  the 
sanB  time  becoming  more  intense;   when  503  /<  is  reached  the 
fluorescence  is  then  a  deep  green  and  very  intense,  a  further 
Increase  in  the  wave  length  of  the  light  causes  the  flu- 
orescence to  decrease  in  inter.sity  until  540  n       is  reached. 
The  wave  length  of  the  light  producing  the  rnaximun  green 
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fluorescence  is  then  503  /t  which  can  be  closely  fixed  as  a 
change  in  wave  length  of  10  or  20  Angstrom  units  on  either 
aide  of  503  produces  a  marked  decrease  in  the  intensity  of 
the  fluorescence.   For  the  region  540  /<-      -   561  /<    of  the 
incident  light  little  or  no  fluorescence  can  be  seen  in  the 
tube;  a  very  faint  light  can  be  seen,  however,  but  probably 
due  to  particles  of  sodium  oxide  which  at  times  are  float- 
ing in  the  tube.   The  region  561/^  to  753  /^  produces  red 
fluorescence  in  the  vapour,  the  v/ave  length  of  the  incident 
light  producing  the  maximum  red  fluorescence  being  at  626^ 
Light  of  vrave  length  5890  produces  a  fairly  strong  red  flu- 
orescence. 

A  small  plane  diffraction  grating  was  then  used  for 
observing  the  fluorescence  when  the  vapour  is  illuminated  by 
monochromatic  light  as  described  above.  A  spot  of  the  illu- 
minating light  was  thrown  on  the  end  of  the  tube  B  so  that 
it  was  visible  at  the  same  time  with  the  fluorescent  light. 
^j-^,^  — ^   a  When  the  wave  length  of  the  illuraina- 

ting  light  was  about  455  /^  the  ap- 
pearance  as  seen  with  the  grating  is 


( — i_|y....^^«.^.^^^  shown  in  figure  (1)  in  which  J^ 
'^i.\.jZ.  is  the  deviated  image  of  the  blue 

spot  of  illtiminating  light,  a  the  faint  blue  band  of  flu- 
orescenc*  of  the  same  region  as  the  light  producing  the 
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f luovescence,  and  t  a  faint  broad  band  of  CJ'©®"  fluorescence 
also  produced  by  the  blue  illuminating  lleht.   Incv'easinf^ 
the  wave  lencth  of  the  illuminating  light,  until  the  devla- 
^'  ■-  -  ted  image  S  is  a  greenish  blue  (Fig.  2)  . 

"  1'^'^'^^^.  *-       S  is  moved  downward  toward  the  red;  the 

verj'  faint  greenish  blue  fluorescent  band 
;9t'5  ^  a  of  the  sar-e  wave  length  as  S  is  seen; 

the  green  band  b  is  now  move  intense  its  maximum  having 
also  shifted  toward  the  blue. 

With  further  increase  in  the  wave  length 
of  the  illuminating  light,  the  band  a 


disappears  and  we  have  b  a  green  fluores- 
cent band  the  maximum  of  which  has  moved 


t^f  r^)  further  toward  the  blue  (Pig.  3),  and 

r 
with  still  further  increase  in  wave  length  of  incident  light, 

the  maximum  of  b  a  green  band  coincides 

•  125^  A         ^ith  S.  (Fig.  4). 

When  the  wave  length  of  the  incident 

err-   /  light  is  inf^reased  to  about  530-540  /*- 

a  very  faint  green  fluorescent  band  b 

can  be  seen  the  maximum  of  which  lies 

farther  toward  the  blue  than  S.   (Fig.  5) 
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This  is  very  difficult  to  observe  but  the  exijeriroent  was  re- 
peated several  times  with  care  and  with  the  same  result. 
This  experiment  indicates  that  when  sodium  vapour  is  illum- 
inated with  light  of  wave  length  about  530-540  /<^    ,  it 
gives  off  fluorescent  light  of  a  shorter  wave  length  than 
that  of  the  illuminating  light,  iN^iich,  of  course,  is  a  con- 
tradiction to  Stokes*  law.   It  is  probable  then  that  in  this 
particular  region  of  the  spectnmi  sodium  vapour  is  an  ex- 
ception to  Stokes'  law. 

For  wave  lengths  of  illuminating  light  between  540  and 
560  /<-   produces  no  fluorescence  and  nothing  but  the  iFAge 
of  S  is  visible.  Between  560  and  753  red  fluorescence  ap- 
pears.  The  spot  S  and  the  maxim\xm  of  the  red  fluorescence 
band  approach  each  other  as  the  wave  length  of  the  incident 
light  increases  (similar  to  the  observations  above  for  the 
green)  until  the  image  S  and  the  maximum  of  the  red  flu- 
orescent band  coincide.  A  further  increase  in  the  wave 
length  of  the  light  appeared  to  give  the 
^"^^  maximum  of  the  fluorescent  band  further  to  the 
"blue  than  to  S.   This  observation  is  so  difficult  to  make 
as  the  fluorescent  is  so  faint  that  little  importance  is  to 
be  attached  to  it. 
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IV.  The  Relation  between  Fluorescence  and  Absorption, 

The  similarity  between  the  fluorescent  and  absori^tlon 
spectra  of  sodiiin  vapour  will  have  been  noticed  already  and 
in  particular  in  the  region  between  5300  and  4600  in  which 
channeled  bands  resembling  each  other  quite  closely  appear 
in  both  spectra.  A  comparison  of  the  photographs  of  the  two 
spectra  shown  and  also  fo  the  wave  lengths  of  the  heads  of 
the  bands  and  the  principal  lines,  will  show  that  this  cor- 
respondence between  the  two  is  exact.   It  will  be  seen  that 
the  fluorescent  spectrum  is  the  negative  of  the  absorption 
spectrum,  i.  e.  bright  lines  and  bands  in  the  fluorescence 
corresponding  exactly  with  dark  lines  and  bands  in  the  ab- 
sorption.  It  is  of  much  interest  to  know  whether  as  indi- 
cated above  the  agreement  in  wave  length  is  exact,  in  other 
words,  to  see  whether  the  fluorescent  spectnun  is  shifted  rel- 
ative to  the  absorption  spectrum,  and  if  no  shift  occurs  to 
say  within  what  limits.   Photographs  were  therefore  obtained 
with  the  two  si)ectra  on  the  same  plate  (see  plate  V  )  .   A 
careful  comparison  of  the  two  spectra  by  this  method  shows 
the  perfect  correspondence  of  the  bright  lines  of  the  fluor- 
escent spectrum  with  t?ie  dark  lines  of  the  absorption  spec- 
trum.  It  also  shows  that  if  there  is  a  "shift"  in  the  flu- 
orescent spectr^jm  it  cannot  exceed  1  Angstrom  unit,  for  a 
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displacement  of  this  magnitude  would  have  been  detected. 
It  appears  therefore  that  in  this  region  from  5300-4600  so- 
dium vapour  absorbs  light  of  certain  definite  wave  lengths 
and  radiates  in  what  is  called  fluorescence  exactly  these 
sai'je  wave  lengths,  but  as  shown  in  the  above  experiments  on 
the  light  producing  the  fluorescence,  the  green  fluorescent 
bands  can  also  be  produced  by  the  absorption  of  light  of  a 
different  wave  length  ,  i.  e.  the  absorption  of  light  of 
wave  length  4600  gives  not  only  a  fluorescent  band  4600  but 
also  a  green  fluorescent  band.   It  is  desirable  to  know 
whether  this  green  fluorescent  band  is  broken  up  into  chan- 
neled bands  which  agree  in  position  with  the  green  channels 
corres  ending  to  the  green  aljsorption  bands  shown  in  the 
photograph  of  the  two  spectra.   This  would  require,  however, 
photographs  of  the  fluorescent  spectrum  when  the  vapour  is 
illuminated  with  monochromatic  light,  which  was  not  attempted 
since  with  monochromatic  illumination  the  fluorescence  is 
very  faint. 

From  a  comparison  of  the  fluorescent  and  absorption 
spectra  we  have  shown  that  there  is  no  shift  (within  certain 
limits)  of  one  relative  to  the  other,  which  would  indicate 
that  there  is  little  or  no  damping  of  the  vibration  absorbed 
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by  the  vapour  and  radiated  in  fluorescence.   We  can  not  con- 
clude, hOAvever,  that  the  daiiping  is  inappreciable  for  all 
wave  lengths  "between  5300  and  4600   as  we  have  shown  that 
when  the  vapour  absorbs  light  of  a  definite  wave  length,  it 
may  radiate  in  fluorescence  not  only  this  wave  length  but 
light  of  a  longer  wave  length. 

y«  ConcluslonB, 

'^he  results  of  the  above  experiments  may  be  siunmarized 
as  follows: 

(1)  The  wave  lengths  of  the  principal  lines  In  the  absorption 
spectnun  of  sodium  vapour,  which  appear  as  the  density  of 
the  valour  is  increased,  have  been  measured. 

(2)  It  has  been  shown  that  the  same  effect  in  general  is  pro- 
duced upon  the  absorption  spectrum  when  the  length  of  the  ab- 
sorbing coliiinn  is  increased  as  when  the  density  of  the  va- 
pour is  increased,  but  no  quantitative  results  could  be  ob- 
tained, 

(3)  The  wave  length  of  the  principal  lines  in  the  green-blue 
fluorescent  spectruis  of  sodium  vapour  have  been  measured. 

(4)  It  has  been  shown  that  the  bright  lines  of  the  fluores- 
cent spectr-im  between  5300  and  4600  correspond  exactly  to 
the  dark  lines  of  the  absorption  spectr'.un  in  the  sane  region. 
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(5)  It  has  been  shown  that  there  cannot  he  a  shift  exceeding 
1  Angstrom  unit  in  magnitude  of  the  fluorescent  spectrum 
between  5300-4600  over  the  absorption  spectrum  in  the  sane 
region,  thus  indicating  that  when  light  of  wave  length  (5300- 
4600)  is  absorbed  by  the  vapour  and  radiated  as  fluorescent 
light,  the  damping  of  the  vibrations  is  quite  small. 
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Wave   lenrrths   of  the   principal   lines  and  "bands   in   the  flu- 
orescent   spectnuu. 


Group  A 

4600-5200. 

Wave  length 

Character. 

?'ave  length 

Character. 

4616.42 

f 

4748.55 

7  iD.h. 

4652.04 

f 

4751.96 

8.5 

4652.18 

b.h. 

4753.83 

8.5 

4659.60 

n    n 

4758.68 

9 

4684.69 

fine 

60.85 

7  fine 

4692.89 

7 

61.86 

7   " 

4704.36 

1 

63.05 

8   " 

4707.09 

7 

64.98 

9  h. 

4709.72 

1 

66.88 

9   fine.Hs 

4718.29 

7 

66.99 

6 

4721.33 

8 

70.45 

7  b. 

4724.42 

8 

71.47 

7 

4728.82 

8 

77.63 

8  fine  Hs 

4732.77 

6 

81.43 

10 

4735.78 

6  b 

82.32 

8  b 

4736.67 

8 

83.35 

H   10  b. 

4740.95 

8  fine 

89.93 

9  fine 

4747.56 

8 

90.84 

9   " 

-gl^  •dS  nt  sbcuitf  bna  ••ail  Lmql^alnq  edi  lo  mdt^^ifl  •mW 
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"1 

S^.aj.^r 
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1 
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8l.sa'^> 
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ee.o.^ 
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' 

83,  dd 

sv.cor* 

e«>.»» 

<»8.aiT> 

e^.OT 

-5 

w.iaf* 

t*.j:t 

■> 

S^.^ST^ 

€.-•' 

SC.S8 

fle.c8 
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GrouiJ  A. 

Wave   length 

Charac  t er 

H'ave   length 

Character. 

7?F3;^o 

— 'W 

TTne  Hs 

"~^^.y:T&* 

7 

fine 

95.30 

10 

b 

23.82 

8 

99.30 

10 

fine 

24.46 

8 

fine 

4800. V4 

8 

fine 

25.81 

7 

N 

02.86 

8 

" 

26.58 

8 

N 

04.62 

10 

27.27 

7 

R 

05.77 

9 

27.99 

8 

W 

06.46 

6 

fine 

28.66 

9 

m 

07.20 

9 

b 

30.28 

8 

b.h. 

07.90 

7 

b 

32.83 

8 

09.93 

H  8 

b.h. 

33.47 

9 

b. 

10.68 

10 

35.36 

fine 

4813.68 

7 

fine 

36.10 

n 

15.84 

8 

b 

36.51 

7 

16.49 

6 

fine 

36.93 

7 

17.14 
17.64 

7 

8 

fine 

It 

37.71 
4838.92 

H  broad  head 
.5  wide 
9  b.h. 

18.57 

8 

b. 

39.88 

8 

b.h. 

19.64 

8 

40.86 

9 

20.72 

7 

41.60 

9 

21.88 

8 

42.40 

8 

b. 

iiS:, 


'^w{ft 

■^I 

.     " 
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rf 

Oi 
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bh.kS 

•nil 

ox 
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I8.«t 

•nil 

8 

^^.ooeK 

8A.9S 

« 

8 

98.80 

tt.^s 

01 

sa.^o 

w.n 

9 

▼T.ao 

»9.tt 

•rrll 

b 

bh.%0 

68. oe 

rf 

i> 

02.  T*^ 

€8.SJC 

tf 

v 

ot.^o 

r».C€ 

./f.cf 

8  H 

M.CO 

dc.ei 

01 

88.01 

01. 5C 

•nn 

T 

f??>.r''«^> 

le.dc 

cf 

8 

«••»€ 

•nil 

d 

XT.Tg 

•an 

▼ 

I'l.r^ 

s«.Redi> 

• 

9 

M.TX 

88.tC 

.<f 

8 

▼«I8I 

d8.0» 

8 

M.«I 

05. I^ 

T 

8T.o<; 

0».S» 

8 
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frrouj)  A, 


Wave  length 

Character 

Wave  length 

Character. 

4843.14 

9  fine 

4859.67 

7 

44.01 

9   " 

60.41 

8 

44.92 

9 

60.99 

fine 

45.83 

8  fine 

61.52 

N 

46.84 

10 

61.78 

» 

47.98 

7  fine 

62.21 

9 

49.12 

7 

63.02 

fine 

49.75 

fine 

63.78 

6  h.h. 

50.39 

9 

64.45 

fine 

51.00 

fine 

64.88 

7   " 

51.61 

9 

65.67 

H  broad  .4  A.V. 

52.27 

fine 

66.64 

7 

52.89 

9 

67.44 

7 

53.65 

fine 

68.53 

7 

54.35 

9 

69.54 

8 

55.06 

fine 

70.01 

10  b.h.  Hs 

55.74 

9 

70.44 

7  fine 

56.54 

7  fine 

71.33 

8  b 

57.32 

7  b.h. 

72.05 

fine 

58.05 

7  fine 

72.59 

m 

58.75 

8 

73.01 

m 

ta.xa  ?B,«* 

8T«&d        •nil 

•nil  OO.Xd 

«  id.xa 

•nil 

•r.ii  do.ee 

«e.i^       •*  *•  ve.de 

eo.M 

8  et.M 
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Group  A. 

v;ave   length 

Character 

Wave   length 

Character. 

4873.50 

fine 

4888.18 

9 

73.93 

m 

89.06 

7 

74.46 

m 

89.84 

8 

74.93 

8 

90.75 

7 

75.55 

fine 

91.52 

9 

75.95 

m 

92.43 

7   fine 

76.55 

7 

93.28 

10  To, 

77.11 

8 

94.13 

6   fine 

77.77 

7   fine 

95.00 

H    .7  A  1^  wide 

78.31 

8 

96.06 

4 

78.93 

8   fine 

97.02 

8 

79.52 

9 

97.92 

6 

80.16 

8.5 

98.96 

7  b.h. 

80.80 

9.5 

99.99 

6 

81.51 

7  fine 

4900.94 

9 

01.86 

8 

82.22 

10 

82.93 

7   fine 

02.64 

4  fine 

83.63 

10 

04.96 

6 

84.36 

7   fine 

05.79 

7   fine 

85.17 

8 

06.43 

4 

85.88 

8 

07.16 

7  b.h. 

86.59 

8 

08.22 

9 

87.42 

7   fine 

08.84 

fine 

r.rrn 
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« 
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- 
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fid 
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? 
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CI 
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« 
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•nil  V 

xa.xe 

01 

S8.S8 
CC.S8 

dC 

►x-c 

01 

cd.ca 

r»n 

^'^ 

rx.as 

8 

sa.aa 

8 

Qa.»ii 

'  ., 

36, 


Group  A. 

V/ave  length 

CharRCter. 

Wave  length 

Character. 

4909.47 

9 

4932.20 

7  fine 

10.12 

fine 

33.03 

H  .7A.U.wide 

10.73 

8 

33.70 

fine 

11.41 

6 

34.27 

7 

12.88 

7 

35.22 

9 

13.57 

7 

36.04 

7 

14.26 

8 

37.00 

fine 

15.09 

fine 

3''.61 

7  b.h. 

15.90 

9 

38.80 

6 

16.62 

6  fine 

39.54 

7 

17.52 

7   •• 

40.26 

fine 

18.27 

7 

40.74 

•f 

19.10 

4 

41.29 

m 

19.99 

8  fine 

42.23 

6   " 

21.66 

6  b.h. 

43.16 

7 

22.52 

6 

43.82 

fine 

23.40 

2 

44.37 

8 

24.33 

T 

44.97 

7 

25.28 

7 

45.53 

fine 

27.11 

faint 

46.10 

7 

28.14 

7 

46.72 

T 

29.13 

7 

47.49 

7  fine 

31.22 

7   fine 

48.07 

7   " 
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Group  A. 


37. 


Wave   length 

4949.24 
50.08 
50.83 
51.50 
52.23 
52.97 
54.39 
56.86 
57.70 
59.43 
60.15 
61.06 
62.13 
63.02 
63.80 
64.88 
66.81 
67.37 
68.79 
69.31 
69.77 
70.23 
70.74 
71.21 


Character   Wave  length 


8 

4971.68 

8 

72.09 

fine 

72.61 

8 

73.16 

2  fine 

73.70 

2   • 

74.28 

10  b. 

74.40 

2 

75.41 

2  fine 

75.98 

8 

76.61 

fine 

77.17 

6 

77.85 

fine 

78.45 

H 

79.20 

f.h. 

79.91 

10  B.h. 

80.56 

fine 

81.26 

m 

82.00 

8  b.h. 

82.65 

fine 

84.08 

7   " 

8  6.52 

fine 

87.18 

8   " 

88.19 

N 

88.98 

Character. 
8  fine 

n 
8   " 


8 

fine 
8 
7 
9 

fine 
8 
4 
6 
7 
8 
6 
8 
8 
6 

6  fini 
6 
10  b. 
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38. 
Group  A. 


Wave  length 

Character 

v;ave  length 

Character. 

4990.90 

5 

5010.24 

7 

fine 

91.52 

fine 

10.68 

7 

92.56 

9  -b 

11.26 

7 

93.34 

fine 

11.77 

7 

94.18 

5  b.h. 

12.36 

7 

95.15 

4  fine 

12.83 

7 

96.11 

fine 

13.38 

7 

96.53 

m 

13.99 

7 

97.29 

3  b 

14.50 

7 

98.05 

8  \> 

15.13 

7 

99.25 

8 

16.77 

7 

5000.09 

6  h 

16.47 

7 

00.86 

6 

17.06 

7 

01.84 

H  .7  A  U  wide    17.77 

7 

02.17 

fine 

18.38 

7 

02.55 

7   " 

19.05 

7 

06.31 

fine 

19.68 

6 

06.90 

7   •• 

20.42 

8 

07.62 

7  • 

21.14 

6 

fine 

08.38 

m 

21.89 

8 

08.78 

7   •• 

22.61 

6 

09.26 

fine 

23.37 

7 

09.76 

7  " 

24.18 

6 

fine 

39. 


Group  A. 


Wave  length 

Charac  t  er 

Wave  length 

Character. 

5024.99 

7 

5048.81 

6 

25.77 

5 

53.39 

6  Hs 

26.33 

7 

53.49 

10  Hs 

27.37 

fine 

54.46 

8  b.h. 

28.21 

8 

56.96 

8  b.h. 

28.98 

7  fine 

58.34 

7 

29.99 

8 

58.97 

7 

30.73 

7  fine 

61.07 

7 

31.76 

8 

62.79 

7 

32.53 

6 

63.38 

e 

33.47 

5 

64.11 

fine 

34.36 

fine 

64.84 

h 

35.38 

7  t 

66.69 

7 

36.33 

5  -b 

67.37 

7 

37.34 

8  fine 

68.29 

b 

38.17 

fine 

69.08 

6  b 

39.52 

n 

69.82 

7  b 

40.02 

m 

80.38 

H 

10  fine 

40.94 

H.b.9  A  U 

wide  87.37 

H 

7  b 

42.58 

7 

95.89 

9  H 

43.44 

fine 

5118.78 

Hs 

b. 

44.93 

• 

26.84 

b 

44.59 

w 

33.80 

Hs 

b 

41.27 

Hs 

b. 

40. 

aroup  C.   5300-5700. 

The  lines  of  this  group  are  all  of  a^out  the  same  intensity 
and  very  faint.   Only  the  strong  lines  of  intensity  8  or 
greater  are  narked. 


Wave  length 

Character. 

Wave  length       Character. 

5269.38 

5384.33 

75.34 

90.46 

79.58 

91.41 

5305.68 

97.77 

11.47 

98.46 

17.65 

5402.61 

25.64 

03.90 

30.61 

09.78 

34.85 

14.96 

37.70 

16.52 

43.66 

18.90 

46.47 

25.42 

49.67 

26.20 

52.44 

32.68 

58.36 

33.63 

65.31 

39.25 

66.09 

40.33 

70.28 

41.36 

71.23 

48.20 

78.19 

52.94 

82.12 

58.09 

83.38 

63.11 

41, 


Group  C. 


Wave  length           Character.          Wave  length 

5482.21 

5602.04 

96.99 

03.34 

5502.48 

07.60 

23.48 

12.31 

28.58 

13.78 

30.44 

19.09 

33.16 

20.56 

35.89 

26.31 

40.03 

28.13 

59.52 

32.79 

62.85 

36.90 

64.28 

38.02 

65.70 

41.18 

72.53 

42.26 

74.82 

43.55 

75.90 

45.37 

76.81 

46.92 

81. S'-. 

48.78 

83.07 

49.60 

84.59 

51.94 

93.45                        strong  8                    52.80 

94.87                              " 

8                     54.27 

Character, 
broad 


strong  8 


broad 


borad  k   strong  8 
strong 


42. 

Group  C. 

Wave  length Character. 

5655.83 

59.97  strong 

64.12 

65.63  broad 

71.25 

72.68  strong  8 

79.03  ••   8 

83.01  "    8 

84.30 

89.70 

97.87  strong  &  broad  9 

5706.08  "         •♦   9 

10.84  •♦      8 

12.48 

13.56 

14.72 

17.23 

18.05 

20.82 

34.78 

36.89 

38.32 


43. 


45. 


46. 


47. 


48. 


Wave  len^^ths  of  principal  lines  and  bands  in  the  Fluorescent 
Spectrum, 


Wave  length 

4660 

4671 

4685 

4693 

4707 

18 

32 

41 

54 

69 

83 

93 
4810 
4820 
4838 
4849 
4866 
4895 
4914 
4933 
4963 
4981 
5002 


Character 


H 

Hs 
H 


Wave  length 
5041 


-> 


Character. 

H 

Hs 

H 

band 
H 

H 

Hs 

Hs  hand 
Hs 

hand  hazy, 


hand,  hazy 


hand,  hazy 


center  of 
hazy  hand. 
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